Summary &horbar; Highly purified and well-characterised preparations of equine prolactin and growth hormone from equine pituitary glands were employed to set up highly sensitive and specific homologous radioimmunoassays (RIA) for the measurement of hormone in horse plasma. The limit of sensitivity of the GH RIA was 1.2 ng/ml with mean intra-and inter-assay coefficients of variation (CV) of 6.6 and 10%, respectively. The sensitivity of the equine prolactin (ePRL) RIA was 0.5 ng/ml with mean intra and inter-assay CV of 9.1 and 15.6%, respectively. Dose-response curves of a crude pituitary gland extract and plasma samples collected from a mare and foal were parallel to the standards and the PRL RIA was clinically validated by administration of thyrotropin-releasing hormone (TRH). Plasma samples taken at 15 min intervals over 24 h from lactating mares gave 24 h mean GH values in the range 5.5 to 7.95 ng/ml. Large intermittent elevations of GH activity were detected. The mean 24 h PRL concentrations were between 3.2-10.4 ng/ml in the lactating animals, with higher concentrations earlier in lactation. Long episodic bursts of PRL were detected.
INTRODUCTION
Prolactin (PRL) and growth hormone (GH) are protein hormones produced in the anterior pituitary gland, which are involved either directly or indirectly in growth and lactation in all mammalian species. Although equine GH (eGH) has been purified (Saxena and Henneman, 1966; Hartree et al, 1968; Conde et al, 1973) and antisera have been raised in rabbits (Poskus ef al, 1976) inadequate supplies of the hormone have precluded the development of a homologous radioimmunoassay (RIA) for its measurement. A role for eGH in the anabolic process of foal growth is presumed and a galactopoietic role similar to that in ruminants has been suggested (Worthy et al, 1986) . The purification of equine PRL (ePRL) has been previously described (Chen et al, 1979; Li and Chung, 1983) and there are several RIAs available for its measurement (Roser et al, 1984; Johnson, 1986;  Thompson et al, 1986a; Worthy et al, 1986) . Prolactin is likely to control the growth and function of the mammary gland during a normal gestation and lactation (Worthy et al, 1986 ) and may also be involved in ovarian function in the mare (Roser et al, 1987) . It has also been suggested that PRL may be involved in infertility post partum (Worthy et al, 1986 ). Here we report the development of homologous RIA for each hormone and their application to physiological samples in the horse with particular emphasis on lactation.
MATERIALS AND METHODS

Purchased supplies
Sodium 12 51-iodide and 35 S were purchased from Amersham PLC UK; lodogen, Pierce Laboratory Rockford, IL, USA; ampholine PAG plates, diethylaminoethyl (DEAE) sephacel, phenyl sepharose CL-4B, sephadex G-100, and molecular weight markers were purchased from Pharmacia, Mil- 
Hormones and reagents
Ovine PRL 31 iu/mg), bovine PRL 30 iu/mg), ovine GH (NIH-oGH-S-11, 0.56 iu/mg), bovine GH 0.81 iu/mg), rat PRL (NIDDK-rPRL-B-6,2 i l dmg), rat GH (NIDDK-rGH-B-12, 1.8 iu/mg) were obtained from the NIAMDD, Baltimore, MA, USA; porcine PRL (USDA pPRL-B-1, 34 iu/mg) and porcine GH (pGH-B-1, 1.5 (Licht et al, 1977) . Pituitary glands were homogenized in 5 volumes 25 mM ammonium bicarbonate, pH 9.0 and extracted for 2 h at 4°C. Following centrifugation (10 000 g for 15 min) the residue was re-extracted as above and the pellet discarded. The pooled supernatants were brought to 0.15 M ammonium sulphate, adjusted to pH 4.0 and stirred for 1 h at 4°C. After centrifugation as described above the supernatant was discarded and the residue containing the GH (Farmer et al, 1975) , PRL and adrenocortico-trophic hormone was resuspended in 50 mM ammonium acetate (155 ml) pH 9.5.
Prolactin
Equine PRL was prepared from horse pituitary glands by the method of Li and Chung (1983) (with modifications). Acid-acetone powder (9.5 g) was extracted overnight in 0.1 M ammonium acetate, pH 9.5. The insoluble material was removed by centrifugation at 9 500 g for 20 min and the supernatant was adjusted to pH 5.7. The isoelectric precipitate was recovered by centrifugation and dissolved in 25 mM ammonium acetate, pH 9.5 (150 ml). Aliquots (50 ml) were stored frozen at-20°C.
Electrophoretic characterisation SDS polyacrylamide gel electrophoresis was carried out as described previously (Laemmli, 1970) . Discontinuous polyacrylamide gel electrophoresis was carried out as described by Davis (1964) Isoelectrofocusing was carried out on ready-made acrylamide gels (5% acrylamide, 3% bis-acrylamide) in the pH range 3.5-9.5. Hormone samples (20 pg) in 1 % glycine were focused at 10°C for 1.5 h at 30 W, 1 500 V and 50 mA (LKB 2103 power supply settings). The pH gradient was determined using a surface pH electrode.
Bioactivity
Standard ovine PRL ( O PRL) and bovine GH (bGH) RRAs were set up to characterise the binding activity of ePRL and eGH to lactogenic and somatogenic receptors. Microsomal membranes from lactating rabbit mammary gland, pregnant mare mammary gland and pregnant rabbit liver (Shiu et al, 1973; Tsushima and Friesen, 1973) and plasma membranes from rabbit and mare liver were used (Parke and Forsyth, 1975 (Nicoll, 1967) , The Snell dwarf mouse bioassay was carried out as described by Holder et al (1980) .
Immunoactivity
The crossreactivity of eGH was examined in an homologous pGH RIA (Buttle, 1987a) . The crossreactivity of ePRL was examined in an homologous ePRL RIA (Worthy et al, 1986) and in an homologous pPRL RIA (Buttle, 1987b) .
Assay development and validation
Radioiodinations
Equine GH and ePRL (5 wg) were radiolabelled with Na !251 (0.5 mCi) by the lodogen method (Salacinski et al, 1981 ) . Labelled hormone was separated from free iodine by gel filtration chromatography on Sephadex G-100 previously coated with a solution of 0.5% BSA in RIA buffer.
The specific activity, estimated by self-displacement analysis (Abdul-Ahad, 1984) was 36 ± 7.9 (sd) IlCi/ 1 l9 (n = 6) for ePRL and 41.5 ± 10 (sd) IlCil I l9 (n= 5) for eGH. The antisera bound between 40 and 60% of !251-1-ePRL at a final dilution of 1:5 000 and further immunizations failed to boost greater responses.
Both antisera revealed similar specificities and affinities and they were pooled.
All assay reagents were made up in RIA buffer. The assay tubes contained dilutions of standard ePRL (0.48-250 ng/ml in 100 pl) or plasma samples (1:2 and 1:4), antiserum (100 pl) and !251-ePRL (20 000 cpm in 50 pl). The sensitivity of the assay was increased by preincubating the standard with antibody for 72 h before addition of.tracer. incubation was at 4°C and was followed by the addition of normal rabbit serum (50 pl, diluted 1:700) and sheep anti-rabbit gamma globulin (50 pl, diluted 1:28). The assay was completed as described above. (Gill, 1986) to determine if hormonally stimulated effects were significant. Validity tests were carried out on the results of the pigeon crop sac bioassay using the methods for the 6-point parallel line assay of Wardlaw (1985) . Potency estimates and 95% confidence limits were made using the method of Finney (1978) (Morrison, 1967; Rosner, 1990) .
Administration of TRH
RESULTS
Isolation of equine GH and equine PRL Growth hormone figure 6B . The limit of sensitivity of the assay was 0.5 ng/ml. Of fig 7A) . PRL concentrations in the nonlactating mare were highest 45 min postinjection reaching 10.9 ng/ml and declined thereafter to 4.9 ng/ml 150 min post-injection. PRL secretion in the stallion was elevated to an even greater extent (22.8 ng/ml) with the time course of the effect approximating to that of the non-lactating mare. The TRH injected lactating mare failed to respond as rapidly as the others, but exhibited a rise in PRL from 2 to 7 ng/ml between 120 and 150 min post injection. This mare had also experienced a natural pulse of PRL just before TRH injection. In all of the TRH injected animals there was no immediate rise in GH. In the non-lactating mare concentrations ranged from 4 to 8 ng/ml, in the stallion from 2.5 to 8 ng/ml and in the lactating mare from 1 to 3.5 ng/ml. The vehicleinjected lactating mare had concentrations in the range 2 to 10 ng/ml and exhibited a large pulse of GH 30 to 120 min post-vehicle injection ( fig 7B) .
Administration of hGRF and the effect of fasting on plasma GH Overall mean GH concentrations did not differ significantly in the saline or GRF-treated animals over the sampling period with concentrations of 3.83+0.31 (se) ng/ml (n = 3) for the saline group and 5.32 ± 1.18 (se) ng/ml (n = 3) for the hGRF!!_29!-treated group. Both groups exhibited a pulse of GH after infusion at 12.00 h and although the GH pulse in the GRF-treated group appeared earlier (5 min post-infusion, cf, 15 5 min for the saline treated) the timing was not significant (fig 8) . Similarly fed and fasted horses had concentrations of GH which did not differ significantly (3.81 ± 0.96 (se) ng/ml (n = 6) (fed) and 4.5 ± 0.79 (se) ng/ml (n = 6) (fasted) over the time period examined.
GH and PRL secretory profiles
The profiles are characterized by large intermittent elevations in GH concentrations separated by trough periods during which GH returns to basal levels ( fig 9A) . In mare #101 concentrations of GH ranged from 1.8 to 29.08 ng/ml with up to 7-fold changes detected in a time period of 1 h. Mean 24-h GH were 5.3, 6.4 and 5.5 ng/ml in weeks 1, 3 and 6 of lactation. In mare #102 GH concentrations ranged from 1.7 to 89.6 ng/ml with up to 23-fold changes in GH detected in a time period of 1 h. Mean 24-h GH concentrations were 6.26 and 7.14 4 ng/ml in weeks 1 and 8 respectively. In the non-lactating mare #104 the overall 24-h mean GH was 5.9 ng/ml and in the stallion #105, 7.3 ng/ml with no distinct elevations in hormone concentration (profile not shown).
Lactating mare PRL profiles are characterized by long discrete episodic bursts, defined by increasing PRL concentrations due to more or less superimposed or partially overlapping secretory pulses. These are separated by relatively quiescent periods when PRL concentrations returned to basal levels. In mare #101 concentrations ranged from 1 to 23 ng/ml with up to 5-fold changes detected in 75 min. Mean 24 h PRL concentrations decreased from 5.27 to 4.18 8 ng/ml from week 1 to week 6 of lactation.
In mare #102 PRL concentrations ranged from 1 to 46 ng/ml with up to 9-fold changes detected in 75 min. Mean 24 h PRL decreased from 10.89 to 6.48 ng/ml from weeks 1 to 8 of lactation. Two episodic bursts were detected in this mare with both light and dark peaks indicating the presence of a biphasic secretory pattern (fig 9) . No major elevations in PRL could be detected in #104, the non-lactating mare or in #105 the stallion 24-h PRL profiles; the overall 24-h mean PRL concentrations were 3.18 8 and 3.29 ng/ml respectively.
DISCUSSION
Highly sensitive, specific RIAs for eGH and ePRL have been developed employing highly purified and well-characterised preparations of hormone. These assays have been employed in the assay of closely timed plasma samples over 24 h in both lactating and non-lactating animals. Specific patterns of secretion for each hormone were described.
To our knowledge, this is the first report of a homologous RIA for eGH. Previous studies have relied on heterologous assays, employing antiserum to pGH and pGH as the label (Thompson et al, 1992 (Bewley et al, 1972) it was important that the cross-contamination was low for validation of both the eGH and ePRL assays. In addition, the ability to detect added GH to plasma samples, and the parallelism of plasma GH and crude pituitary extracts are consistent with the assay being capable of quantifying GH without interference.
The ePRL RIA developed here is the second reported homologous RIA for equine PRL, all other assays being heterologous RIAs (Thompson et al, 1986a; Lothrop et al, 1987 (Saxena and Henneman, 1966; Hartree et al, 1968; Conde et al, 1973 (Clapp, 1987) . It is also possible that chemical damage to ePRL, but not O PRL, during iodination could explain this discrepancy in binding. Parke and Forsyth (1975) have also demonstrated that preparations of canine and ePRL with high pigeon crop sac stimulating activity, were less than 1 iu/mg in terms of the ovine PRL standard in the rabbit liver RRA. The high potency of ePRL in the pigeon crop sac bioassay compares well to the values obtained by other investigators (Chen et al, 1979; Li and Chung, 1983) and its low potency in the mouse mammary gland bioassay emphasizes the need to examine the action of hormones using homologous systems. The purity of our ePRL standard was confirmed in a previously established homologous ePRL RIA (Worthy etal, 1986) and significant cross-reactivity was obtained with a homologous porcine PRL RIA, which conforms well with the close structural homology between these hormones (Lehrman et al, 1988) . Thompson et al (1992 The pattern of secretion of GH is similar to that described in lactating pigs and cows (Buttle, 1987a; Bines et al, 1983 (Honda et al, 1969) and this release is inhibited by the occurrence of paradoxical sleep. Lincoln (1979) observed both a day-and a night-time peak of PRL in the ram, and a similar diurnal rhythm has been reported with a nadir around noon and a peak before midnight in the ewe (Wallace et al, 1988 
